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 Abstract 
The former Seneca Army Depot, located in Romulus, New York is home to a population 
of white-tailed deer (Odocoileus virginianus). This population consists of both brown deer that 
carry the dominant gene(s) for brown coloration and white deer that carry the recessive gene(s) 
for white coloration (or lack of pigmentation). This population of white deer is leucistic, which is 
why they lack pigmentation and have brown colored eyes, as opposed to albino deer, which lack 
pigmentation in their fur coat and eyes. The conservation group responsible for managing this 
herd, Seneca White Deer, Inc., has been conducting aerial surveys via helicopter, which have 
been inconveniently costly and unfeasible (Dennis Money, Pers. Comm. 2019). Using airborne 
imagery, such as a remotely operated unmanned aerial vehicle (UAV/drone technology), we may 
be able to assist in the monitoring of the population dynamics of the herd within the confines of 
the former Seneca Army Depot. By collecting population data, including the size and age 
composition of these deer, we may provide essential information regarding the maintenance and 
protection of this unique deer population. I used a DJI Mavic 2 Enterprise Dual UAV with 
visible and thermal photography collected across three seasons in 2019 to assess methods of 
detecting and monitoring white-tailed deer. While there were some limitations to identifying the 
deer using this method, lower altitude flights were able to detect some brown-colored and white-
colored white-tailed deer in both the thermal and visible photography.  
 
 
Conclusions 
● UAV flights at 50-60m are of high enough resolution to capture brown-colored and 
white-colored white-tailed deer during summer, fall, and winter seasons.  
● Deer can be identified using UAV technology based on characteristics such as size, 
shape, color, shadow, and body temperature.  
● Seasonal data acquisition may alter deer behavior (i.e. habitat selection) and image 
quality. 
● 3D vegetation structure may be visualized and measured using UAV and LiDAR 
technology. 
 
 
Background 
History of Seneca Army Depot 
The former Seneca Army Depot, located in Romulus, New York (42.7350° N, 76.8606° 
W), is home to a remarkable herd of leucistic white-tailed deer (Odocoileus virginianus). 
Different from albino deer, this population of white-tailed deer is leucistic, meaning they lack all 
pigmentation in their hair, yet still possess normal brown-colored eyes. Leucistic deer occur in 
other deer populations, but are much more prone to predation by animals and hunters due to the 
way they stand out in the forest. They have been called “Ghosts of the Forest” by Native 
Americans, such as the Lenape Indians (Seneca White Deer, Inc.). These white deer were 
initially spotted in the 1950s, after the United States Army seized the land and converted it into a 
storage site for munitions. During this time, the U.S. Army fenced off 10,587 acres of land using 
38.6 kilometers of fencing that was 3 meters high. The initial two white deer (a buck and a fawn) 
were spotted in 1949 and “captured the heart” of Depot Commander Colonel Franklin Kemble, 
Jr. (Seneca White Deer, Inc. 2020).  Protected by the security fencing, the deer population 
thrived-and along with it, the recessive trait for white hair coloration. Throughout the 1960s, the 
white-tailed deer population grew upwards of 1,000 individuals (roughly 300 white deer and 700 
brown deer), exceeding the carrying capacity (CC) of the depot (CC=900) (D. Money, Pers. 
Comm. 2019). To reduce the size of the herd and to prevent further starvation the Army allowed 
deer hunting, however, Colonel Kemble, Jr. gave orders not to hunt the white deer. This type of 
artificial selection has driven the Depot’s population of the white deer to be the largest 
population of leucistic deer in the world. 
In efforts to preserve both the wildlife and military history of the former Depot, a 
nonprofit group known as Seneca White Deer, Inc. (SWD) was founded in 1998. The Seneca 
County Industrial Development Agency (IDA) sold about 7,000 acres of the Depot property in 
2016, with the requirement that bidders submit a deer management plan as part of their purchase 
proposals. This property was sold to local businessman, Earl Martin of Seneca Iron Works, who 
established the property as Deer Haven Park, LLC. Founder of SWD, Dennis Money, later made 
an agreement with Martin in which SWD would rent a portion of the land to conduct tour 
programs featuring the wildlife and military artifacts of the Depot. In addition to creating an eco-
tourism center at the Depot, Money also conducted a few aerial surveys via helicopter in order to 
monitor the site’s population of deer. Additionally, Money has monitored the wildlife within the 
confines of the Depot using camera traps and ground-based surveys (Seneca White Deer, Inc. 
2020). Nevertheless, the current population of white-tailed deer in the depot is unknown as aerial 
monitoring of this population has become increasingly difficult and expensive. Unfortunately, 
the agreement SWD and Earl Martin was not continued beyond 2019, so future research at this 
site is unlikely. SWD does continue as a conservation organization interested in the protection of 
the deer.  
 
SWD Population Management  
While the history of the Seneca White Deer is remarkable, the genetics and population 
dynamics of these deer are poorly understood. The total population of white-tailed deer within 
the depot has suffered a substantial decrease in recent years and, interestingly, the carrying 
capacity of the depot has decreased as well. Such instances are largely attributed to the evolved 
reproductive patterns of white-tailed deer in response to high mortality due to predation. In a 
balanced ecosystem, does aged two years or older may produce twins or triplets annually. 
Yearling does may produce single or twin fawns, which can then be bred and give birth within 
their first year of life. However, in the absence of natural predators and in the face of home range 
limitations, this kind of rapid growth is unsustainable. Due to the natural limits of deer that one 
area of habitat can support, overpopulation of deer leads to habitat quality decreases, including 
loss of native plant species and physical condition declines in deer populations (NDTC 2008). 
Previous approaches to addressing this issue include surgical sterilization of and 
immunocontraceptive implementation in deer. This method was practiced on deer within the 
former Seneca Army Depot as part of a Cornell deer management study conducted in 2014 
(Boulanger, et al. 2014). SWD Executive Director and President, Dennis Money, in addition to 
other members of SWD have suggested their own approach to sustain a healthy population of 
white-tailed deer. Because the deer within the confines of the Depot are limited to a given parcel 
of habitat with little predation, food has become a scare resource for the herd. SWD’s plan 
includes the selective logging of existing tree species (such as oak, maple, and walnut trees) and 
planting of ample food sources such as corn crops and apple trees. SWD especially focuses on 
this strategy for winter months, when the quality/quantity of food resources are diminished. This 
is also a period of low predator abundance, as SWD allows predators, such as coyotes, to be 
hunted immediately before this time. In an effort to assess the conservation efforts of SWD’s 
conservation plan, unmanned aerial vehicles (otherwise known as UAVs or drones) may be used 
to map and compare areas of interest (managed versus unmanaged land) and measure deer 
population dynamics in those areas (population size and habitat favorability). This may provide a 
cost-effective method to monitor wildlife populations, especially in conservation sites such as the 
former Seneca Army Depot. In order to develop an approach to evaluate deer population and 
habitat favorability, I have purchased and flown a UAV over the Depot to survey wildlife during 
summer, fall, and winter months. Due to the large size of this site (about 7,000 acres) and battery 
limitations on the UAV, I was limited to modest parcels of habitat within the Depot.   
 
  
Figure 1) Seneca Army Depot location: Romulus, New York, located between Seneca Lake and Cayuga Lake (part 
of the Finger Lakes region). The red box in this figure is highlighting the study site. Source: Gable 2015 
 
 
Figure 2) Tourist map of the former Seneca Army Depot. Outlined in yellow is the land that has been leased to 
Seneca White Deer, Inc. Source: Seneca White Deer, Inc. 2020 
 
 
Figure 3) Aerial view of the former Seneca Army Depot. This image was taken during the July 8, 2019 flight 
mission (2nd flight) in the B-side bunker region. This is image DJI_0137, which was captured at 100m. Seneca lake 
can be seen in the top right of the image. 
 
 
Figure 4) Example of Seneca White Deer (Odocoileus virginianus) photographed in Seneca Army Depot. Both 
images contain does. Source: Michael Crowley Photography 
 
Datasets 
Overview 
While there are many remotely sensed datasets available, many incorporate data of 
limited spatial resolution or do not characterize vertical or 3-dimensional (3D) habitat structure, 
which is fundamental to how animals interact with their environment (Vierling, et al. 2008). 
There are two particularly interesting and useful tools, however, that provide datasets that are 
less labor-intensive and less costly. Preliminary analysis suggests that datasets such as airborne 
LiDAR (Light Detection and Ranging), such as the New York State LiDAR and drone-based 
structure from motion (SFM) data are ideal for the type of fine-scale analysis for understanding 
the landscape and wildlife interface in this context.   
 
LiDAR (Light Detection and Ranging) Technology 
LiDAR is a remote sensing method which measures distance to a target by illuminating 
the target with a laser and measuring the reflected light with a sensor (NOAA, 2012). The 
difference in return times and wavelengths may then be used to create a point cloud that is a 
three-dimensional representation of an area of interest, as shown in Figures 1 & 2. The NYS 
LiDAR (collected in 2012) provides detailed information, including canopy height, canopy 
cover, tree density, ground surface topography, military igloo structures, and waterways. 
Furthermore, LiDAR allows for a more accurate measurement of three-dimensional ecosystem 
structure, which impacts wildlife richness and abundance (Davies, 2014). This allows more 
efficient wildlife habitat modeling and aids in the attempt to characterize how animals are 
interacting and responding to these three-dimensional features (Merrick et al., 1970). Many 
LiDAR datasets are becoming increasingly available across broad extents. It is important to note, 
however, that LiDAR systems are limited in their spectral and spatial-scale capabilities. 
Additionally, the point spacing is not good enough in this dataset to capture animals, although it 
might be able to in some LiDAR datasets. Therefore, complementing these data with other 
remotely sensed data is helpful in defining distinctive habitat characteristics beyond structural 
composition (Vierling, et al. 2008).  
 
 
Figure 5) Illustration of LiDAR surveying method, showing target illumination and return pulses. Source: (Axe, 
1970).  
 
Figure 6) Existing LiDAR Collections in New York State. The area of interest is included in this dataset and 
highlighted on this map within the black box. Source: GIS.NY.GOV, 2018. 
 
DJI (Dà-Jiāng Innovations) Mavic 2 Enterprise Dual Drone 
Thermal and infrared technology is offered on some drones (such as the DJI Mavic 2 
Enterprise), which may allow us to track the deer thermally as well. The Mavic 2 Enterprise 
drone used for the purposes of mapping SWD includes omnidirectional Vision Systems and 
Infrared Sensing Systems. Additionally, it has a three-axis gimbal camera which shoots 4K video 
and 12-megapixel photos. The DJI remote controller includes a long-range transmission 
technology, allowing for a 5mi transmission range and video display from the aircraft to a 
smartphone up to 1,080 pixels. The limitations of this drone include drone battery life (about 20 
to 30 minutes of flight time per battery) and drone remote controller battery life, which typically 
lasts about two flights.  
 
 
 
Figure 7) The author is shown here the DJI Mavic 2 Enterprise drone and DJI Remote Controller plus the 
smart phone display device. 
 
Structure from Motion 
Structure from Motion is a photogrammetric method by which 3D models of a feature or 
topography are creating using two-dimensional photos taken from different locations and 
orientations (Figure 8). This figure shows the multi-view stereo images which capture an area of 
interest (the object) in order to yield a 3D point cloud using camera orientation and camera 
location data. SfM produces orthro-rectified imagery as well as a dense point cloud dataset, 
similar to LiDAR (Crosby, 2016). SfM techniques have been applied widely and numerous 
practical applications have benefitted users greatly. Applications of this technique include 
military applications, autonomous navigation/guidance, motion capture, augmented reality, and 
image-based 3D modeling (Wei, et al. 2012). Drone-based SfM provides amazingly detailed 
images and has the potential to map the SWD population and their respective habitat ranges. 
Such information allows one to characterize and measure the response of the SWD population to 
the conservation efforts of SWD, Inc.  
 
Figure 8) Illustration of the SfM data collection method. Source: (Monasse, 2012). 
 
Both LiDAR and SfM technology employ spectral imaging to survey species habitat over 
relatively large extents. The high data acquisition costs, however, may limit the spatial and 
temporal scales that are being examined. Furthermore, LiDAR yields coarse and ‘patchy’ point 
clouds relative to those of SfM (Cunliffe 2016). Nevertheless, this technology is beneficial for 
collecting data over larger spatial extents than a UAV may cover. Additionally, a LiDAR system 
illuminates, and measures reflected light of objects that may otherwise be excluded from a SfM 
dataset, such as the lower canopy and ground returns. UAV technology may be limited by 
conditions such as weather, battery life, and equipment quality. However, the use of UAVs 
allows for more flexibility in regard to spatial and temporal scales. Furthermore, this technology 
is more controllable to researchers, as it allows the user to revisit their study site more frequently 
and at a much lower cost than that of a LiDAR system. Furthermore, users may control altitude 
and employ additional sensors, which may yield finer spatial resolution data (Anderson 2013).  
 
Methods 
Overview 
Public data, including New York State (NYS) LiDAR data and Landsat data, were 
downloaded for the purpose of a preliminary data analysis of the former Army Depot. These data 
were processed in ENVI and ENVI LiDAR, both of which are geospatial image analysis 
software. The NYS LiDAR data from 2012 were processed in ENVI LiDAR, which allowed me 
to import point cloud data from the Depot and analyze the terrain that would be best to conduct 
drone flight missions over. Areas that demonstrated landscape diversity were considered 
favorable regions, as they provided a range of environments that deer could make use of (densely 
vegetated areas, open fields, bunker structures, and areas with waterways). Landsat data were 
processed in ENVI, which allowed me to analyze the Depot in a more systematic manner and on 
a much broader scale. Areas of interest were identified after I created a mosaic of the NYS 
LiDAR datasets and created a canopy height map. This map was created by subtracting the first 
returns from the last returns of the NYS LiDAR point cloud data. This model served the purpose 
of measuring the maximum height of vegetation different regions of the depot in order to plan a 
drone flight, accordingly (see Figure 14).  
The initial flight missions took place on July 8, 2019, when conditions were assumed to 
be favorable, with a well-lit land surface, clear skies, and little to no wind resistance. Only a 
portion of the Seneca Army Depot was flown over due to the vast amount of land (about 7,000 
acres total). A few trial flights were conducted in order to assess the amount of battery and data 
storage needed for future flights. It was concluded that fall and winter flights may yield better 
information due to the decreased tree density, contrast in land coverage, and lower temperatures 
(for higher contrast between land and animal body temperature). White deer may be easier to see 
during fall, while brown deer may be easier to see during winter due to their respective 
coloration contrast with the land. Information such as detailed optimum flight parameters, 
altitude, and safety precautions were set before each flight to minimize environmental impact 
and invasiveness. The fall flight mission took place on October 15, 2019, while the winter flight 
mission took place during December 23, 2019. Once the data were collected using the Mavic 2 
Enterprise drone, further analysis and comparisons were made. This includes comparisons to 
long-term vegetation and land-use history. Data were downloaded and run through Agisoft, a 
commercial photogrammetry and 3D modeling software. 
 
 
 
 
 
Date	 Flight	Mission	#	 Time	(EST)	
Altitude	(m	
above	
launch	
level)	
Area	
Number	of	
Photograph
s	
July	8,	2019	 1	 11:35	AM	 100		 B-side	bunker	area	 384	July	8,	2019	 2	 11:50	AM	 50		 B-side	bunker	area	 678	
July	8,	2019	 3	 1:05	PM	 	
Northeast	section	of	Depot,	adjacent	to	Q-area	and	60-acre	manmade	pond	
2,124	
October	15,	2019	 1	 9:20	AM	 55		
B-side	bunker	area	and	the	farm	foundation/forested	area	 1,700	
October	15,	2019	 2	 10:26	AM	 60		
B-side	bunker	area	and	the	farm	foundation/forested	area	 1,692	December	23,	2019	 1	 11:50	AM	 75		 B-side	bunker	area	 2,054	December	23,	2019	 2	 2:20	PM	 75		 A-side	bunker	area	 1,122	
 
Table 1) This is the flight information on each flight mission represented in this report. 
 
 
Figure 9) Satellite image of the area of the former Seneca Army Depot that was flown over. Specific flight lines are 
denoted by their respective colors, as represented in the legend. Source Google Maps 2020. 
 
 
 
 
 
 
Agisoft Processing Workflow 
 Processing the Mavic 2 Enterprise imagery in Agisoft consisted of a general workflow 
which included the following steps: 
1. Sort through images  
2. Align photos 
3. Build a dense point cloud 
4. Build a mesh (a 3D polygonal model) 
5. Generate a model texture 
6. Build an orthomosaic 
7. Export results (orthomosaic, coordinate data, and classified images) 
 
I began processing the drone data by sorting through images and separating them into 
their respective flight missions. Photos were loaded into Metashape by using the Workflow 
menu and adding the photos into one “chunk,” which ensured that the imported images 
would be treated as data from the same camera system. Next, I aligned the photos by using 
the Metashape workflow command that finds the camera position and orientation for each 
photo. This allows the program to build a sparse point cloud model. If any photos were not 
aligned properly, I would either realign the photos using the advanced image alignment 
command or exclude them from processing if necessary. After image alignment, I built a 
dense point cloud using Metashape’s point cloud generation tool. This allows the program to 
generate and visualize a dense point cloud model by using camera depth information for each 
photo, which is then combined into a single dense point cloud. Based on this point cloud 
information, I was then able to build a mesh, which is a 3D polygonal model. This 
reconstruction tool builds a specified number of polygons based on the number of points in 
the dense point cloud model. I proceeded to improve the visual quality of each model by 
creating a generic texture mapping mode in Metashape. This allowed the program to 
“parameterize texture atlas for arbitrary geometry” (Agisoft 2019). Once my models were 
complete, I created an orthomosaic of each, which is aerial photo that has been geometrically 
corrected using Metashape (Agisoft 2019). This reconstruction was the last step before I 
exported the model results directly from Metashape. Limitations to these processes are 
largely due to time constraints. Each step may take 4-6 hours due to the number of photos 
being processed (>1,000 photos). Each step may be put through multiple renditions of 
increasingly quality, which each call for increasing amounts of processing time. High quality 
renditions of these data are necessary for the purposes of habitat modeling and wildlife 
identification, however. 
 
Results 
LiDAR (Light Detection and Ranging) Technology 
 The NYS LiDAR FEMA-Seneca Watershed dataset (shown in Figure 6), which was 
flown from May 5, 2012 to May 6, 2012 over this region, served as an important predictive tool 
examine potential distributions of white-tailed deer in the Seneca Army Depot. Fundamental 
components of deer habitat that were investigated include adequate sources of food, water, cover, 
and living space. Such components are considered favorable by deer, as they ensure their healthy 
survival (NDTC 2008). Each LiDAR model represented in this section provides an example of a 
military igloo, waterway, and vegetated region. Structures, such as igloos, provide the necessary 
cover area for deer during tours or while grazing in these farmed areas. Furthermore, regions 
near waterways and dense vegetation are suitable habitats for deer, as they provide both sources 
of water, food (such as native plant material), and physical coverage for avoiding predators or 
nuisances from deer tours. In addition to this fine-scale analysis, a broad-scale analysis of the 
former Army Depot was also conducted in order to estimate vegetation height for flight 
planning. In order to estimate canopy height, a canopy height map was created in ENVI. A total 
of 21 LiDAR files were stitched together to create a single raster of the entire Depot. The canopy 
tops from the first returns in the LiDAR were then subtracted from the ground surface from the 
last returns in the LiDAR dataset using the band math tool provided in ENVI. Areas that were 
consisted of vegetation with lower canopy heights were then determined to be areas of interest, 
as they provide better regions which may yield higher resolution imagery from lower flight 
altitudes.  
 
 
Figure 10) FEMA-Seneca Watershed 2012 image from the NYS LiDAR dataset. Shown here is the same region (B-
side bunker region) that was flown with the DJI Mavic 2 Enterprise drone during the flight mission on July 8, 2019. 
A cross section of this region is represented on the bottom, which shows a military igloo, waterway, and vegetation 
cover in a selected parcel of land. Source: image 18tun.465345.las from GIS.NY.GOV 
 
 
 
 
 
Figure 11) FEMA-Seneca Watershed 2012 image from the NYS LiDAR dataset. Shown here is the same region (B-
side bunker region) that was flown with the DJI Mavic 2 Enterprise drone during the flight mission on October 15, 
2019. A cross section of this region is represented on the bottom, which shows a few military igloos, a waterway, 
and vegetation cover in a selected parcel of land. Source: image 18tun.465345.las from GIS.NY.GOV 
 
 
 
Figure 12 FEMA-Seneca Watershed 2012 image from the NYS LiDAR dataset. Shown here is the same region (B-
side bunker region) that was flown with the DJI Mavic 2 Enterprise drone during the flight mission on December 23, 
2019. A cross section of this region is represented on the bottom, which shows a military igloo, a waterway, and 
vegetation cover in a selected parcel of land. Source: image 18tun.465345.las from GIS.NY.GOV 
 
 
Figure 13) FEMA-Seneca Watershed 2012 image from the NYS LiDAR dataset. Shown here is the same region (A-
side bunker region) that was flown with the DJI Mavic 2 Enterprise drone during the flight mission on December 23, 
2019. A cross section of this region is represented on the bottom, which shows a military igloo, a waterway, and 
vegetation cover in a selected parcel of land. Source: image 18tun.465345.las from GIS.NY.GOV 
 
 
 
 
 
 
  
 
Figure 14) A mosaic of all FEMA-Seneca Watershed 2012 LiDAR images encompassing the Seneca Army Depot. 
Image 1 includes all first returns, image 2 includes all last returns (bare earth), image 3 is first-last returns 
(corresponding to canopy height), and image 4 is a canopy height map overlain onto a satellite image of the Seneca 
Army Depot. These data were processed in ENVI, an image analysis software. Data statistics below show the 
maximum and minimum heights of the region. Warmer color (red) are associated with higher altitudes while cooler 
colors (blue) are associated with lower altitudes. Max height=232m. 
 
Structure from Motion (SfM) 
 The 3D structure of deer habitat is a key determinant in how they will interact with their 
environment. In the case of LiDAR, understanding the structure and composition of parcels of 
land within the Depot were important in seeking out suitable deer habitats. Nevertheless, this 
method and the scale of the available dataset are limited in its spatial resolution and point cloud 
density. SfM allows for the mapping of deer habitat and organisms on a much finer scale and at a 
much lower cost (McDowall 2017). This kind of technology may allow for mapping of 
organisms as a function of improved image resolution.  
 The figures below (particularly Figure 17) demonstrate that an animal can be 
distinguished, even on days where weather conditions are relatively warm. The shape and size of 
1 2 3 4 
-220m 232m 
animals may be distinguished in weather conditions that allow for high contrast between land 
surface and animal body temperatures. Animal body temperatures are more visible in the thermal 
spectrum when mapped against surfaces that are much cooler than their body temperature. This 
method of detecting white-tailed deer demonstrates high potential, as the thermal imagery is 
“well suited for the observation of homeothermic endotherms that emit heat to thermoregulate 
their internal body temperature” (Chrétien, et al. 2016). This method has demonstrated 
performance rates ranging from 37% to 98%, which may be improved by contrasting and bare 
land surfaces (Chrétien, et al. 2016). Below is the thermal palette used to assign color to the 
pixels in the thermal images below, based on their heat energy (FLIR 2019).  
Figure 15) This figure shows the Ironbow thermal palette, which identifies thermal anomalies and body heat. This 
palette uses color to show heat distribution and subtle details, which are represented by lighter, warm colors (hot 
objects) and darker, cool colors (cold objects). Source FLIR Systems, Inc. 2019 
 
July 8, 2019 Flight Mission (2nd Flight) 
 This summer flight mission took place on in warm weather conditions with little to no 
wind resistance. The temperature during out flight mission was approximately 75° Fahrenheit. 
During this flight, a brown deer with white spots on its backside was identified in one of the 
images within the B-side bunker plot. This deer was determined to be a fawn due to its 
coloration. Figure 16 shows the 3D model of the B-side bunker region that was flown over, as 
well as a red box which indicated where the fawn in Figure 17 was found. This area is adjacent 
to a farmed area with corn crops to the right (east) of the deer’s location in Figure 16; note that in 
Figure 17 the same feature is shown in flight direction orientation. The fawn was also found in a 
shaded region behind one of the bunkers which may have given the deer a place to rest and hide 
because of the warm weather conditions. The thermal profile of this region can be seen in Figure 
17, image 2, where the shaded region of the area is a much cooler temperature (darker blue) than 
the surrounding area which is yellow/orange, indicating that it is a much warmer region. The 
fawn is also visible in the thermal image. Its position has been indicated by a white box around 
the orange hot spot that is the deer’s body in the shade.  
 
 
 
 
 
 
Figure 16) Model from the July 8, 2019 flight mission (2nd flight), B-side bunker region, at a flight altitude of 50m 
(processed in Agisoft). This model shows a 3D reconstruction of the environment in which the fawn in Figure 17 
was identified and located. The red box in this figure denotes the location of the fawn.  
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Figure 17) DJI Mavic 2 Enterprise images taken during the July 8, 2019 flight mission (2nd flight) at a flight altitude 
of 50m. Image 1 shows the cleared region behind a bunker in which the brown fawn in the image was identified and 
located. This image also includes a zoomed-in image of the brown fawn in a shaded area. Images 2 is a thermal 
image of image 1. The white box in image 2 shows a hot spot of the fawn’s body in the shaded region where it was 
located. Refer to Figure 16 for the location of this deer with respect to the overall landscape. 
 
October 15, 2019 Flight Mission (1st Flight) 
 This fall flight took place in relatively cool weather with some wind resistance. The 
temperature during out flight mission was approximately 48° Fahrenheit. During this flight, a 
white deer with no antlers was identified in one of the images within the B-side bunker plot. This 
deer was determined to be either a doe or a juvenile male, based on the fact that it does not have 
any antlers. Figure 18 shows the 3D model of the B-side bunker region that was flown over, as 
well as a red box which indicated where the leucistic deer in Figure 19 was found. This area is 
adjacent to a farmed area with corn crops (three bunkers to the left of the deer’s location) as well 
as a waterway (also to the left of the deer’s location). This waterway was represented previously 
in Figure 11. This deer was also found in a cleared and farmed region with corn crops behind one 
of the bunkers. The deer’s proximity to this ample food source, waterway, and hiding area are all 
favorable characteristics for a life-sustaining deer habitat. The thermal profile of this region can 
be seen in Figure 19, image 2, where the shaded region of the area is a much cooler temperature 
(darker blue) than the surrounding area which is yellow/orange, indicating the region in which 
the deer is standing is much cooler than some of the brambles and light-colored vegetation on top 
of the adjacent bunker. The deer itself is also visible in the thermal image. Its position has been 
indicated by a white box around the orange hot spot that is the deer’s body in contrast to the 
shade. 
 
 
 
Figure 18) Model from the October 15, 2019 flight mission (1st flight), B-side bunker region, at a flight altitude of 
55m (processed in Agisoft). This model shows a 3D reconstruction of the environment in which the leucistic deer in 
Figure 19 was identified and located. The red box in this figure denotes the location of the deer. 
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Figure 19) DJI Mavic 2 Enterprise images taken during the October 15, 2019 flight mission (1st flight) at a flight 
altitude of 55m. Image 1 shows the cleared and farmed region behind a bunker in which the white doe or juvenile 
buck in the image was identified and located. This image also includes a zoomed-in image of the leucistic deer in the 
small cornfield that was planted in this region. Image 2 is a thermal image of image 1. The white box in image 2 
shows a hot spot of the deer’s body in the region where it was located. 
 
December 23, 2019 Flight Mission (2nd Flight) 
 This winter flight took place in relatively cool weather with some wind resistance at 
about 7.6 m/s. The temperature during out flight mission was approximately 50° Fahrenheit. 
During this flight, two brown deer were identified in one of the images within the A-side bunker 
plot. These deer were determined be adult males or females, based on the fact that antlers and 
fawn coloration are not seen in this image. Figure 20 shows the 3D model of the A-side bunker 
region that was flown over, as well as a red box which indicated where the two deer in Figure 21 
were found. This area is densely forested and close to a waterway (to the bottom left of the 
model). The deer’s’ proximity to this waterway and hiding area are all favorable characteristics 
for deer habitat. The thermal profile of this region was not available due to flight complications.  
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Figure 20) Model from the December 23, 2019 flight mission (2nd flight), A-side bunker region, at a flight altitude of 
75m in (processed in Agisoft). This model shows a 3D reconstruction of the environment in which the brown deer in 
Figure 21 were identified and located. 
 
  
 
Figure 21) DJI Mavic 2 Enterprise images taken during the December 23, 2019 flight mission (2nd flight) at a flight 
altitude of 75m. Image 1 shows the region in which the brown deer in image 2 were identified and located.  
 
December 23, 2019 Flight Mission (1st Flight) 
 This winter flight took place in relatively cool weather with some wind resistance at 
about 7.6 m/s. The temperature during out flight mission was approximately 38° Fahrenheit. No 
deer have been identified in this plot so far; further analysis will be conducted in this respect. 
This region overlaps with the B-side bunker region that was flown over in July. Selectively 
logged and farm areas can be seen in the top right of this model. A waterway is also present in 
the middle section of this model, which looks like a deep cut through the land surface. 
 
 
 
Figure 22) Model from the December 23, 2019 flight mission (1st flight), B-side bunker region, at a flight altitude of 
75m (processed in Agisoft). This model shows a 3D reconstruction of the same region from the 07/08/2019 flight 
mission, in which a significant portion of land has been selectively logged.  
 
Discussion 
Wildlife monitoring is labor-intensive and costly, as it calls for ground surveys and aerial 
flights via helicopter. Using UAV technology may revolutionize wildlife population monitoring 
and habitat modeling, as it offers a less costly and more accurate representation of environments 
under study. While deer within the Seneca Army Depot may be identified using the Mavic 2 
Enterprise Dual drone visible and/or thermal images, the limitations of this method may not yield 
the most accurate results regarding the deer population under study. A notable limitation in 
regard to this approach are the conditions in which the data was collected. When the vegetation 
is not fully developed (leaf out), the deer may not be captured from the aerial images being taken 
during each flight mission. Furthermore, in order to deploy an image recognition algorithm in 
either Agisoft or an alternative programming software (i.e. Python), image resolution must be 
greater. This may be achieved by flying at lower altitudes, however, the amount of area that may 
be captured during a flight will be reduced due to both time and battery limitations. As 
represented by the 50m, 55m, and 75m flights from the July, October, and December, 
respectively, some deer may be identified using both visible and thermal imagery. Now that 
these deer have been identified and captured by the UAV, they may be measured (size and 
height) using SfM data (orthomosaic and point cloud). Nevertheless, this method may be more 
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accurate in an environment that is less densely vegetated, as vegetation in this instance prevented 
the identification of deer in each photo. Furthermore, animals that have a high contrast against 
their environment in respect to color, size, or temperature may be easier to identify during flight 
missions. In addition to improved mission planning, image processing tools in Agisoft may 
prove useful in improving the quality of the SfM models. The processing tools in Agisoft allow 
the user to refine each image by reconstructing the image quality, point cloud density, and 
mesh/texture face count. This may allow for a more accurate classification of each model, 
especially in the case of a supervised classification. While these processing parameters may be 
useful, the model rendition process in the program is relatively slow due to the large number of 
images being imported and processed.  
 
Conclusions 
● UAV flights at 50-60m above ground level are high enough resolution (about 1.40-1.68 
cm/pixel) to capture brown-colored and white-colored white-tailed deer during summer, 
fall, and winter seasons (we did not fly in late winter to spring due to a nesting bald eagle 
pair on the site). There are limitations to this approach, as deer visibility may differ 
according to ecosystem type (grassland, desert, tundra, etc). Absence of vegetation or 
leaves allows for better visibility of animals, which is essential to consider when 
employing UAV technology to any particular study site.  
● Deer can be identified using UAV technology based on characteristics such as size, 
shape, color, shadow, and body temperature. Deer body shape and size are distinguishing 
factors assist with deer identification in images. A deer’s body shape, size, and shadow, 
for instance, may distinguish it from other structures that may be misidentified as deer 
(see Figure 1 in appendix). The thermal properties of deer are also a key factor in 
identifying them. However, this method of analysis is dependent on land surface 
temperature (contrasting background) and deer behavior due to weather. There are also 
many features that are not deer that also show contrasting effective temperature, so ways 
to differentiate between deer and other features such as warm dirt patches are needed. 
● Seasonal data acquisition may alter deer behavior (i.e. habitat selection) and image 
quality. Very warm or very cold weather may cause deer to spend time in shaded or 
warmer regions, respectively. Furthermore, high snow coverage during winter results in a 
highly reflective land surface, which reduces the quality of each image. This may be 
resolved by altering the orientation of the visible camera on the UAV.  
● 3D vegetation structure may be visualized and measured using UAV and LiDAR 
technology. This is a key factor in seeking out potential deer habitats. Areas that are near 
dense vegetation, ample food sources, and water, for instance, are areas where deer may 
congregate due to the life-sustaining characteristics of such regions. These characteristics 
include hiding areas and a source of food and water.  
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Appendix 
 
  
 
Figure 23) DJI Mavic 2 Enterprise images taken during the July 8, 2019 flight mission (flight 3) at a flight altitude 
of 75m. Image 1 shows the region in which the potential brown buck in image 2 was identified and located. This 
image is an example of a potential object that may be a false positive during photo analysis.  
 
 
 
Figure 24) DJI Mavic 2 Enterprise images processed in Zephyr. Image 1 is a 3D reconstruction of bunker B0604, 
which was the home base for Flight 1. Image ‘a’ is a close-up image of the military igloo and red car we used for 
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transport. Prof. Joan Ramage is depicted in the 3D reconstruction in image ‘b.’ Image ‘c’ is a 2D camera-phone 
picture in the same area for reference.  
 
 
 
Figure 25) Image 1 is a SfM image of bunker B0604. Image 2 is a thermal image of bunker B0604 for comparison 
between spectral and thermal image quality and content. The outlines objects on the mid-left and mid-right are a car 
and a human body that have been recognized as individual objects in the thermal imagery. 
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